INTRODUCTION
It is apparent through the efforts of a number of investigators that ascorbic acid is involved in the metabolism and detoxification of numerous xenobiotics. Interestingly, the vitamin participates at a variety of levels, including the important hepatic electron transport systems, i.e., cytochrome P-450 mixed function oxygenase (MFO)'-'' and flavin-containing monooxygenase ( FMO)'2-24; protection against covalent binding of "reactive intermediates" to macromolecular protein^''^^; and more recently involvement in the metabolism and toxicological consequences of a most commonly used and abused drug, alcohol.s'd1.6'.66 Although the precise biochemical mechanism of the vitamin's participation at these levels warrants further investigation, the role of ascorbic acid in xenobiotic metabolism may have important consequences. Dimethylaniline and cytochrome P-450
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were assayed in the 12,000 g supernatant fraction and cytochrome b, and cytochrome 6, reductase were assayed in the 100,000 X g microsoma1 pellet. The average hepatic level of ascorbic acid in supplemented animals was 29 f 13 mg/100 g wet liver weight and 1. ascorbic-acid-free diet had a significant reduction (45%) in the N-oxidation of dimethylaniline, a substrate for the FMO. Cytochrome P-450 was also reduced, whereas the microsomal heme-containing cytochrome b, and the flavin-containing b , reductase were not affected. The decrease in FMO could be differentiated from the decrease in the MFO system by the use of specific inhibitors, phenobarbital pretreatment, thermal treatment, and pH activity profiles. The effect of inhibitors is shown in FIGURES 1A and IB. The N-oxidation of dimethylaniline (DMA), a FMO substrate, was in fact stimulated (twofold) by 3 mM n-octylamine (FIG. lA) , while aniline, an MFO substrate, was inhibited 90%. Also, SKF-525A, another MFO inhibitor, caused a decrease of 60% in the metabolism of p-NO, anisole, an MFO substrate, and did not affect the N-oxidation of DMA (FIG. 1B) . Phenobarbital pretreatment of guinea pigs did not induce FMO, while the MFO was induced twofold in both ascorbic-acidsupplemented and ascorbic-acid-deficient guinea pigs. The FMO could be selectively inactivated at 50°C (95%), while the MFO was not significantly altered. In addition, FMO activity was reduced by 50% at pH 7.0 in preparations from both ascorbatesupplemented and ascorbic-acid deficient animals while no significant decrease of MFO activity was observed at this pH. In addition to the decrease in FMO due to the deficiency of the vitamin, there was a further decrease in FMO activity in the deficient guinea pigs who had lost up to 10-15% of their body weight compared to ascorbicacid-supplemented animals ( TABLE 2) . Guinea pigs on an ascorbic-acid deficient diet that had no significant weight loss had a 40% reduction in FMO activity, while the ascorbic acid deficient animals that had lost 10-15% of their body weight had a reduction of 83%. Purification of the FMO from ascorbic-acid-deficient and ascorbic-acid-supplemented guinea pig livers with DEAE cellulose and Blue-2-Agarose column chromatography resulted in two FMO fractions ( A and B) in both cases. Fraction A was eluted with 0.35 M KCl, pH 7.8, and required exogenous FAD (0.05 mM) for optimal activity. The recovery of enzyme activity in the fraction from ascorbic-acid-deficient microsomal preparations was four times greater than microsomal preparations from ascorbic-acid supplemented guinea pigs. There was, however, a marked reduction in the quantity of FMO activity in the B fraction isolated from the ascorbic-acid-deficient microsomes: a 5% recovery compared to a 25% recovery for the ascorbic-acidsupplemented animals. Furthermore, subjection of purified preparations ( 30-to 120-fold; DEAE, Blue-2-Agarose, and 2', 5'-ADP Sepharose) to polyacrylamide gel electrophoresis resulted in a marked decrease in the quantity of protein banding at 56,000 daltons in enzyme prepared from vitamin-C-deficient animals?4
Purified FMO isolated from ascorbic-acid-deficient animals was unstable to freezing at -20", whereas comparable preparations from ascorbic-acid-supplemented animals maintained over 90% of their activity up to 4 weeks. Furthermore, marked substrate inhibition occurred with enzyme prepared from the ascorbic-acid-deficient animals. At 2 mM DMA, the initial rate of the reaction as measured for 100 seconds was linear with time and comparable to enzyme purified from the ascorbic-acid-supplemented animals. However, this initial rate decreased at 400 seconds, a more than 95% decrease with enzyme prepared from ascorbic-acid-deficient animals compared to a decrease of 40% with enzyme prepared from ascorbic-acid-supplemented anim a l~.~' Kinetic experiments with purified preparations from ascorbic-acid-deficient or supplemented animals indicated no significant difference in the affinity of either DMA or NADPH. The K , for DMA is 3.1 X M for enzyme prepared from ascorbicacid-deficient animals and 3.2 x lo-' M for enzyme prepared from ascorbic-acidsupplemented animals. The K,,, for NADPH is 7.7 X M for ascorbic-aciddeficient and 3.8 X lo-' M for ascorbic-acid-supplemented animals for FMO activity associated with the B fraction. The apparent affinity for F A D with purified FMO fraction A isolated from ascorbic-acid-deficient animals was 8.0 X 10-' M.I4 
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Ascorbic Acid and Covalent Binding
Several laboratories have demonstrated a protective effect of ascorbic acid against covalent binding of reactive xenobiotic intermediates to macromolecular protein?s36 Benzene and its metabolites exemplify this protective property of the vitamin. Upon chronic exposure, benzene produces hemopoietic toxicity resulting in reported cases of aplastic It has also been implicated as a human le~kemogen.'~ The toxicological consequences are thought to be via metabolic activation of benzene presumably through covalent binding of its metabolites to protein.
-'
A possible metabolic pathway of benzene or its metabolite, phenol, leading to intermediates capable of covalent binding to protein is given in FIGURE 2. Benzene is oxidized to phenol, via the P-450 system, and phenol is further metabolized to catechol or hydroquinone. Subsequent oxidation of phenol through le-steps lead to semiquinone intermediates and quinoid products. Peroxidases can catalize the oxidative steps; diaphorases are capable of reducing the quinoid products to hydroquinone and catechol.
The ability of ascorbic acid to inhibit covalent binding of benzene or phenol metabolites is shown in TABLE 3. The inhibition by ascorbic acid was 75% with benzene. Glutathione caused marked inhibition of binding (95%). When phenol was incubated with hepatic microsomes, ascorbic acid or glutathione inhibited over 95%. Ascorbic acid can reduce quinoids while GSH can form adducts with them. The effect of ascorbic acid on covalent binding when phenol was incubated with horseradish peroxidase or myeloperoxidase isolated from guinea pig marrow is shown in (FIG. 3A) . In contrast, with phenol as the substrate, DT-diaphorase inhibited binding by 70% and ascorbic acid or GSH inhibited binding over 95% (FIG. 3B) . Ascorbic acid or GSH had no significant effect on MFO metabolism of phenol or hydroquinone. However, ascorbic acid decreased the formation of phenol from benzene by 35%. 35 The effect of dietary ascorbic acid on the covalent binding of phenol metabolites with bone marrow, the target tissue for the toxicological events, was also determined. Covalent binding in bone marrow homogenates isolated from guinea pigs on an ascorbic-acid-free diet was fourfold higher than the bone marrow isolated from animals receiving 0.5 mg ascorbic acid per ml of drinking water (TABLE 5 ) . In addition, the bone marrow ascorbic acid concentration was tenfold higher in the ascorbic-acidtreated animals while the GSH concentration in the bone marrow was not significantly different between the two groups. In view of these results, the effect of ascorbic acid 252.7 k 12.3 (4) 13.4 t 1.7(4) 1.0 k 1.9 (4) ["CIPhenol (1 mM) or [''CC]benzene (1 mM) were incubated with 0.7-1.0 mg of washed hepatic microsomal protein isolated from phenobarbital-pretreated guinea pigs, NADPH (1 mM), and sodium phosphate buffer (100 mM, pH 7.4). The incubation was carried out for 10 or I5 min at 37'C. The total volume W~S I mi. (Modified from Smart and Zannoni.") a Values are expressed as x ? SD. The number in parentheses equals the number of experiments done in duplicate.
on covalent binding of benzene metabolites after i.p. administration of [ I4C]benzene to guinea pigs placed on different dietary intakes of the vitamin was determined. In both liver and bone marrow, the binding decreased with higher tissue concentrations of ascorbic acid. In the liver the decrease was 50% with animals with 2.63 pmol ascorbate per g liver compared to animals with 0.28 pmol ascorbic acid per g (FIG.  4) . In the marrow the decrease was on the order of 30% with animals with 1.84 pmol ascorbic acid per g marrow compared to animals with 0.12 pmol ascorbic acid per g marrow (FIG. 5) .
Ascorbic Acid and Alcohol
The involvement of ascorbic acid in alcohol metabolism and toxicity is of current interest and has been studied in several laboratorie~?'~"~ The principal enzymatic pathways for the oxidation of methanol or ethanol to their aldehydes include cytosolic alcohol dehydrogenase, which utilizes NAD+; cytosolic alcohol dehydrogenase, which utilizes H,O,; and the cytochrome P-450 mixed function oxygenase system (MFO), which requires NADPH and 0,. In vitro studies in our laboratory indicate that ascorbic acid can promote alcohol oxidation via a catalase-mediated reaction." A comparison of this ascorbate-dependent alcohol oxidizing system to the alcohol dehydrogenase and the cytochrome P-450 microsomal system is shown in TABLE 6. The ascorbatedependent system was over 200 times more active than the microsomal system for both methanol and ethanol; it was over 500 times more active for methanol and over 100 times more active for ethanol compared to alcohol dehydrogenase. The effect of catalase inhibitors on the ascorbate-dependent alcohol oxidation is given in TABLE 7.
Sodium azide and 3-amino-1,2,4-triazole were effective inhibitors with hepatic super-natant, 12,000 X g hepatic pellet fractions, and when purified catalase was used as the enzyme source. When a peroxide generating system was used in place of ascorbic acid, the amount of inhibition with azide or triazole was comparable to the ascorbatedependent system. A comparison of oxygen consumption, H,O, production, and alcohol oxidation utilizing ascorbic acid or a H,O, generating system is further evidence for an ascorbic-acid-catalase mediated reaction (TABLE 8) . Hydrogen peroxide was produced and 0, consumed with either ascorbic acid or a H,O, generating system. However, more oxygen was consumed with the ascorbic acid system than could be accounted for by its incorporation into H,O,. The active oxidizing species of catalase and H,O, is catalase-H,0, complex I, which can be measured spectrophotometrically." A comparison of alcohol oxidation and complex I formation utilizing either an H,O, generating system or ascorbic acid resulted in the formation of complex I. Furthermore, upon addition of alcohol the quantity of complex I was reduced in both cases."
In view of the in vifm participation of ascorbic acid in alcohol metabolism, a determination of any in vivo protective effect of the vitamin against the toxicity of ethanol was of interest. The vitamin has been previously assessed, but to a limited degree, and in the main, in species that can synthesize it.5'.55.56 Yunice and coworkers did, however, find protection against hepatic steatosis by ascorbic acid in guinea pigs, a species which cannot synthesize the vitamin. In this study the animals were chronically infused with ethanoL6' The data presented in TABLE 9 are the result of an acute study in our laboratory in which serum enzymes, triglycerides, and liver weight to body weight ratios were determined after a single dose of ethanol given to guinea pigs on various regimens of ascorbic acid. Animals with hepatic ascorbic acid concentrations ["C]Phenol(I mM) was incubated with 0.7 mg of washed hepatic microsomal protein isolated from PB-pretreated guinea pigs and sodium phosphate buffer (100 mM, pH 7.4). The incubation was carried out for 5 min at 37°C. The total volume was 1 ml. pmd covalently bound/min/mg mic. protein from 1 to 16 mg per 100 g liver had a 12-fold increase in SGOT levels. In contrast, animals with hepatic concentrations of the vitamin from 17 to 36 mg per 100 g liver had only a fivefold increase. The significance between the SGOT levels of these groups was p < 0.01. No correlation was found between the concentrations of the vitamin and levels of SGPT or serum triglycerides. In addition, there was no significant increase in ethanol clearance in animals with 1 to 16 mg ascorbic acid per 100 g liver (773 5 104 pmol per 100 ml per h ) compared to animals with liver ascorbic acid concentrations above 16 mg per 100 g liver (755 2 55 pmol per 100 ml per h). The data in TABLE 10 are the result of a study to determine the effect of ascorbic acid on chronic alcohol consumption in the guinea pig. Levels of SGOT and SGPT were significantly elevated in animals on the low ascorbic acid diet that had received alcohol: 120% and 250%. FIGURES 6A and 6B give a representative example of guinea pigs on a low or high ascorbic acid diet that received alcohol for 14 weeks. The development of hepatic steatosis is shown in the figure. Half of the animals on the low ascorbic acid diet also developed necrosis of their hepatocytes. None of the animals on the high ascorbic acid diet that received alcohol manifested these changes.
Based on the in vivo animal studies demonstrating that ascorbic acid gave some protection against alcohol toxicity, and the in vitro studies demonstrating ascorbic acid involvement in alcohol oxidation, a determination was made on the effect of the vitamin on the consequences of acute alcohol consumption in man.'9 The study included ethanol clearance, toxicity, and behavioral patterns. Ascorbic acid pretreatment resulted in a significant increase in blood ethanol clearance. Ten subjects had a greater than 10% difference in clearance after vitamin pretreatment. Nine of these ten subjects had an 11 -74% increase in clearance; one had a 15% decrease. Of the remaining ten subjects, four had an increase in clearance of 1-lo%, five had a decrease of 1-lo%, and one had no change. In general, those individuals who had the largest increase in clearance with ascorbic acid pretreatment were those with the slowest clearance with the placebo (FIG. 7) . In addition, ascorbic acid pretreatment resulted in a significantly higher level of serum triglycerides (FIG. 8) . Eleven subjects had a greater than 20% difference in serum triglyceride levels after ascorbic acid pretreatment. Ten of these eleven subjects had a 36-133% increase in triglyceride levels; one subject had a 30% decrease. Of the remaining nine subjects, four had a 10-20% increase, four had a 1-20% decrease, and one had no change. Ascorbic acid pretreatment did not significantly influence blood lactate : pyruvate ratios. " Assay conditions were as follows. Alcohol dehydrogenase: glycine buffer, 0.1 M, pH 9.5; NAD', 1 mg/ml; guinea pig hepatic loJ g supernatant fraction, 1.0 mg protein; substrate, 12 mM; total volume, 1.0 ml, 37°C. Microsomal ethanol-oxidizing system: sodium phosphate buffer, 0.1 M, pH 7.5; NADPH, 2 mM; guinea pig hepatic microsomes, 1.0 mg protein; substrate, 200 mM; total volume 1.0 ml, 37°C. Ascorbate-dependent alcohol-oxidizing system: Tris-HCI buffer, 0.1 M + 10 mM 1,lO-phenanthroline, pH 8.5; ascorbate, 4 mM; guinea pig hepatic loJ g supernatant fraction, 15 pg protein; substrate, BOO mM; total volume, 1.0 ml, 37°C. With regard to behavioral tests, ethanol consumption impaired motor coordination and the vitamin significantly reduced this impairment (FIG. 9) . Thirteen subjects had a greater than 20% difference in motor coordination after ascorbic acid pretreatment. Eleven of these thirteen subjects had a 21-50% improvement after vitamin pretreatment; two had a decrease of 48% and 56%. Of the remaining seven subjects, one had an improvement in motor coordination of 14% and six had a decrease from 1% to 20%. Pretreatment with the vitamin also protected against decrease in color discrimination after ethanol (FIG. 10) . Ten subjects had a greater than 20% difference in color discrimination after ascorbic acid pretreatment. Nine of these had a 20-100% improvement. The remaining three subjects had a 10-20% decrease in color discrimination. There was no statistically significant effect of ascorbic acid, however, on intellectual function.
DISCUSSION
The participation of ascorbic acid in the major xenobiotic metabolizing systems requiring endoplasmic reticulum electron transport is rather specific. The depletion of the vitamin does not involve an impairment leading to a general membrane alteration. Cytochrome P-450, a heme protein, and the flavin monooxygenase, a nonheme, FAD-requiring enzyme, are significantly decreased in deficiency.'-24 On the other hand, microsomal 6, reductase, a FAD-requiring enzyme, and microsomal cytochrome b,, a heme protein, are not affected by the depletion of the vitamin. With regard to the cytochrome P-450 mixed function monooxygenase and the flavin monooxygenase enzyme, the participation of ascorbic acid shares some similarities but also some differences. With either system there are no significant alterations between enzyme prepared from vitamin C or supplemented animals in the apparent affinity of drug substrates or ~0 f a~t o r s . 6 "~'~~~~~'~ In addition, with purification there is a significant decrease in the quantity of cytochrome P-450 as well as the flavin m0nooxygenase.2~ With regard to cytochrome P-450, the decrease involves three specific heme isozymes while others are ~naltered.'~ Also, inhibitor studies with ferrous iron chelators and substrate binding information indicate that the vitamin's participation, most likely, is at the heme-ferrous ion level, and specifically with those isozymes most affected by the deficiency.I6
To date, the observed decrease in the quantity of FMO could be more general, or for that matter involve a disaggregation of monomeric forms of FMO resulting in a loss of recoverable enzyme In addition to a decrease in the quantity of FMO protein, vitamin C deficiency also resulted in purified FMO fractions, which had an obligatory need of exogenous FAD for optimal activity. Perhaps the binding site of FAD to apo-enzyme is jeopardized, leading to disaggregation with subsequent decrease in viable enzyme. In keeping with this, FMO purified from vitamin-C-deficient animals is highly unstable and vulnerable to marked substrate inhibition. This is not the case with purified cytochrome P-450 isolated from vitamin-C-deficient animals. Furthermore, the decrease in FMO activity in vitamin C deficiency was enhanced by a concomitant loss of 10-15% body weight, which was not found with cytochrome
P-450.23
The in vivo consequences of a decreased capacity of these two major electron transport systems will obviously depend upon the particular xenobiotic under investigation, that is, the potential toxicity of the substrate itself or its subsequent metabolites. In addition, since both electron transport systems are affected in vitamin C deficiency, their contribution to metabolism and the possibility of forming toxic intermediates will rely heavily on the degree to which particular species of either transport system becomes rate limiting. Although it is difficult to predict the ultimate consequences of jeopardized electron transport metabolic systems by a biochemical in vitro analysis, an in vivo model is at hand whereby a variety of xenobiotics could be tested under depletion of the vitamin and an examination of any toxicological consequences documented. In addition to the effect of ascorbic acid on the important electron transport systems, MFO and FMO, the vitamin partakes via its reductive property in preventing quinoid-type reactive intermediates from covalent binding to macromolecular proThis participation was illustrated in the metabolic transformation of teins, 21.28.30.32-36.48 benzene or phenol, which results in electrophilic reactive quinone species, the latter undergoing reduction by the vitamin." Although the precise damaging intermediate of benzene or phenol resulting in myelotoxicity remains to be elucidated-it may be a hydroxyl cyclohexadienyl radical formed from ben~ene'~ or a semiquinone or quinone type metabolite of phenol-the vitamin affords in vitro pr~tection.)~ In keeping with these findings, when the dietary ascorbic acid was varied in the guinea pig in vivo, the ensuing covalent binding of benzene metabolites to hepatic or bone marrow tissue was inversely related to the concentration of the vitamin found in these tissues.)6 Both the in vitro and in vivo effect of varying amounts of ascorbic acid on covalent binding with benzene, however, was less than when phenol was used as a substrate. For example, ascorbate is capable of inhibiting the in vitro covalent binding of phenol by over 90% compared to 35% with benzene as a substrate. Similarly, the in vivo covalent binding with an i.p. administration of benzene decreased 30% in the bone marrow of animals on a high intake of the ita am in.'^ This is suggestive that the most potent species of benzene transformation may not be oxidized forms of hydroquinone, ca- techol, or phenol since the vitamin is extremely effective in reducing these metabolites and consequently preventing their interaction with macromolecular tissue sites. On the other hand, another possibility exists that the cellular distribution of the vitamin is not at a substantial concentration at the precise macromolecular site of interaction with metabolites of benzene. Consideration should be given, however, to the findings that modulation of the intake of the vitamin can alter the covalent binding of benzene metabolites in the bone marrow in vivo. which is the target tissue of benzene toxicity. In the United States at least 10 million people suffer from alcohol abuse. An estimated 205,000 deaths every year are attributable to that abuse, the causes ranging from highway fatalities to cirrhosis." In large urban areas of the United States, cirrhosis has become the third most common cause of all deaths in the age group 25 to 65 years6' The ability of any agent to influence the effect of alcohol on the body is of importance. In this regard, vitamin C has been demonstrated to influence ethanol metabolism, toxicity, and behavioral impairment in man and animal^^^^''^'^^'^^'.^^ Ascorbic acid pretreatment enhanced ethanol clearance from the blood in healthy human s~bjects.'~.~ We have described and characterized an ascorhic-acid-dependent alcohol oxidizing system that is catalyzed by catala~e.'~ In this system, ascorbic acid generated a peroxide that is utilized by catalase in a peroxidatic oxidation of the alcohol. The ability of ascorbic acid pretreatment to enhance blood ethanol clearance may be due to its ability to supply peroxide and thus allow catalase to contribute to ethanol oxidation.
It is well established that ethanol affects lipoprotein metabolism and that an acute dose increases levels of serum and hepatic trigly~erides.~~"~ Ethanol causes a number of events to occur that lead to increased hepatic fat levels, e.g., a stress-induced mobilization of fat from adipose tissues, a decrease in the rate of fatty acid oxidation, an increase in the rate of fatty acid synthesis, and an increase in the esterification of fatty acids to triglycerides. In addition, ethanol inhibits export of fat from the liver by impairing the synthesis and secretion of very low-density lipoproteins (VLDL), the export form of triglycerides. Ascorbic acid pretreatment in human subjects caused an increase in serum triglyceride levels.s9 The possibility that the vitamin increases the rate of fat transport out of the liver should be considered. This could be accomplished by a stimulation of the synthesis or secretion of the VLDL or by prevention of alcohol's impairment of these processes. This mechanism would result in less fat accumulation in the liver. In keeping with this, in vivo guinea pig studies have demonstrated that ascorbic acid pretreatment results in less hepatic steatosis after chronic ethanol consumption.@' Ascorbic acid may also protect the liver against direct ethanol toxicity, as evidenced in acute and chronic in vivo guinea pig studies where ascorbic acid protected against elevated SGOT and SGPT levels, indices of increased permeability and/or necrosis of h e p a t o~y t e s .~~'~ The participation of ascorbic acid in neurochemical events is of current interest.
Its involvement in Na+ and K + transport and metabolism of neurotransmitters, including the synthesis of catecholamines, storage of norepinephrine, and regulation of dopaminergic transmission, have been rep0rted.7~'~ In addition, the vitamin has been implicated in modulating the behavioral effects of antipsychotic drugs by influencing their binding to the dopamine recept0r.7~ With regard to ethanol's impairment of behavior, ascorbic acid has been shown to prevent impaired swimming in mice caused by an intoxicating dose of ethan01.~' The protective effect of ascorbic acid pretreatment on impaired motor coordination demonstrated in the clinical study (FIG.
9) supports a neurochemical role for the vitamin. The protective effect is not due to altered blood ethanol concentrations, since ascorbic acid pretreatment had no effect on ethanol concentrations at the time the behavioral tests were administered. The mechanism of the protective action, be it through stabilization of the neuronal membrane, an effect on Na+/K+ transport, an effect on the synthesis, storage, release or binding of the neurotransmitters, or an as yet unknown mechanism, remains to be determined. Ascorbic acid is capable of influencing both biochemical and behavioral changes caused by an acute dose of ethanol in man. The influence of ascorbic acid pretreatment, although not observed in every subject, was greatest in those subjects with the largest alcohol impairment of behavior and in those subjects with the slowest rates of ethanol elimination after placebo pretreatment. The results of the clinical study coupled with the animal studies suggest that ascorbic acid may be of value in protecting against some harmful consequences of alcohol consumption in certain individuals. In addition, the determination of the exact mechanisms by which ascorbic acid acts may lead to the elucidation of important new biological roles for the vitamin.
CONCLUSIONS
Ascorbic acid is involved in the metabolism and detoxification of xenobiotics, in the hepatic microsomal electron transport system, in protection against binding of reactive intermediates, and in the metabolism of alcohol and protection against alcohol toxicity. Its deficiency results in a decrease of the flavin monooxygenase system (50%). There is a decrease in recoverable enzyme and an obligatory requirement for exogenous FAD. In addition, the vitamin, through its reductive properties, affords 75% protection against macromolecular protein binding of "reactive" intermediates of benzene or phenol. Furthermore, ascorbic acid participates in alcohol metabolism by generating a peroxide that is utilized by catalase to oxidize alcohol. The vitamin protects against acute and chronic alcohol toxicity. SGOT levels are lowered (50%) and fatty infiltration and necrosis of hepatocytes are minimized. In clinical studies with an acute dose of ethanol, vitamin pretreatment enhanced ethanol clearance ( 11 -74%), increased serum triglycerides (33-133%), and was beneficial in behavioral responses of motor coordination and color discrimination in 50% of the subjects.
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